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viously known Cdc42-binding domains. FCH domains was thought to bind PIP2 is short and poorly conserved.
are found in proteins associated with signaling to the This is very dissimilar to most interactions between sig-
cytoskeleton, such as S. pombe Cdc15, while SH3 do- naling lipids and their target proteins, which are medi-
mains are ubiquitous mediators of protein:protein inter- ated by conserved domains with high affinities and
actions. Deletion analysis shows that binding to Cdc42 specificities such as PH and FYVE domains. Ho et al.
is mediated by the HR1 domain. This raises the intriguing (2004) suggest that the interaction between PIP2 and
possibility that most or all HR1 domains, which are found WASP only occurs under nonphysiological conditions
in a range of signaling proteins from PKCs to Rho bind- and may thus be biologically irrelevant. They propose
ing proteins, are GTPase binding elements. It also im- alternatively that PIP2 may regulate WASP through
plies that activation of WASP is a two-step procedure, GEFs, which contain lipid-specific PH domains. Yet
in which Cdc42 binds first to Toca-1 and then directly again, similar observations have been made for SCAR/
to the CRIB domain in WASP. The details of these inter- WAVE—one recent paper suggests that PIP3 binds di-
actions are completely unknown, but it seems likely to rectly to the SCAR/WAVE basic domain equivalent to
us that both interactions may be necessary for proper that in WASP (Oikawa et al., 2004). Ho et al. (2004) open
WASP activation. This odd pas de deux could be a up the possibility that this domain’s physiological role
way of sharpening the response through cooperative may be to bind a regulator rather than directly to a lipid.
interactions, or of cutting down background actin poly- The paper from Ho et al. (2004) opens up a new avenue
merization by requiring two activated Cdc42 molecules for study of WASP regulation of actin assembly and has
for one of WASP. There are clear precedents for such forced us to take a fresh look at old models for signaling
interactions, for example in the two-stage activation of to actin through Cdc42, WASP, and the Arp2/3 complex.
PKB, first by PIP3-dependent localization to the mem- There are plenty of pieces of the puzzle yet to emerge
brane then by PIP3-dependent phosphorylation by as we study the functions of FCH and HR1 domains and
PDK1 (Currie et al., 1999). Such mechanisms may thus as old models are reevaluated in the light of Toca-1.
be unexpectedly widespread.
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A second key implication of this work is for the role
of PIP2. Previously, it was thought that direct binding
of both PIP2 and Cdc42 was needed to activate WASP.
The discovery of Toca-1 suggests an upstream position Going the Distance, or Not,
for PIP2 in the signaling pathway. This would relegate with Neurotrophin SignalsPIP2 from being essential for WASP activity to being just
one of a huge number of signals that can lie upstream
of GTPase signaling. In addition, WASP can also be
activated away from membranes. If PIP2 were an essen-
NGF and NT-3 both signal through TrkA receptors ontial cofactor, all WASP activation would have to be within
the axons of developing sympathetic neurons, buta protein’s width of a membrane, which seems incom-
while NGF supports survival and differentiation, NT-3patible with actin’s physiological behaviour. This role
does not. In this issue of Cell, the difference is ex-for PIP2 would also fit better with what we know about
lipid binding proteins. The domain through which WASP plained as the ability of NGF, but not NT-3, to induce
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Figure 1. Differences in NGF and NT-3 Sig-
naling
The figure illustrates initial binding of NGF
(red) and NT-3 dimers (orange) to surface
TrkA, resulting in surface signaling and axon
growth promotion. NGF-TrkA dimers alone
are endocytosed into signaling endosomes
that are transported to the cell body where
they signal to promote neuronal survival
and differentiation.
internalization and retrograde transport of activated pathetic neurons in NT-3 null mice would be expected
to precede that in NGF null mice.TrkA (Kuruvilla et al., 2004).
The new report (Kuruvilla et al., 2004) shows surpris-
ingly that very different actions are evoked followingA fascinating question is how a very large number of
NGF and NT-3 activation of TrkA on sympathetic axons.distinct biological events are triggered by limited reper-
While both enhance axon growth, only NGF signals ret-toires of growth factors, receptors, and signaling path-
rogradely to support survival and differentiation. Thisways. The article by Kuruvilla et al. (2004) in this issue
suggests that NT-3 promotes survival indirectly by pro-of Cell suggests that a biological corollary to the famous
moting axon growth to NGF-rich targets during stagespolitician’s quip that “all politics are local” provides im-
in development when neuronal viability is sustained byportant insight into this question. This study provides a
other trophic factors secreted by intermediate targets.
dramatic example in which the outcome of receptor
How to explain the lack of NT-3 retrograde signaling?
activation depends upon membrane transport and loca-
The data argue that NT-3 is unable to induce internaliza-
tion, which are regulated in strikingly different fashion
tion of activated TrkA receptors. The resulting failure
by two ligands.
to form signaling endosomes prevents the signal from
Through the local production and release of neuro-
being sent to cell bodies. It appears, then, that to under-
trophic factors, the target of innervation plays a critical stand NT signaling we must consider not just which
role in regulating survival and differentiation of neurons signals are generated, but how and where they are de-
(Chao, 2003). Studies on developing sympathetic neu- livered.
rons have established that Nerve Growth Factor (NGF), It is of fundamental interest that two highly homolo-
a member of the neurotrophin (NT) family, activates TrkA gous ligands activating the same receptor can have
receptors on axon terminals and signals retrogradely such different consequences on receptor trafficking and
to cell bodies to regulate survival and differentiation. signaling. One possibility is that the structures of the
Retrograde transport of signaling endosomes in which receptor-ligand complexes differ in a way that alters
NGF is bound to its activated TrkA receptor plays an intracellular signaling. For example, there is a 4 degree
important role in delivering the NGF signal (Howe and rotational difference in the orientation of the two Trk
Mobley, 2004). Remarkably, NT-3 also acts through TrkA ligand binding domains between the NGF-TrkA and
to regulate survival of sympathetic neurons in vivo (Fran- NT-4-TrkB structures (Banfield et al., 2001). Changes of
cis et al., 1999). Some of the same neurons that depend such magnitude could alter the interactions of TrkA with
on NGF for survival also depend on NT-3. One sugges- other proteins whose recruitment requires receptor di-
tion for the unexpected cooperation of NGF and NT-3 merization as well as alter the ability of an activated
was that they might signal at distinct locations and de- kinase domain to phosphorylate specific tyrosines
velopmental times. It is noteworthy that, unlike NGF, within the receptor. In favor of this possibility, the NGF
NT-3 is expressed along the pathway for growth of sym- and NT-3 structures have been determined, and inter-
pathetic axons (Francis et al., 1999). Thus, NT-3 might pretation of mutagenesis data suggests that different
ensure survival of neurons during axon growth while residues from different domains may be involved in their
NGF would take over this role once axons reached their binding to Trk receptors (Butte et al., 1998). Alternatively,
target. The simplicity of the model is appealing—two the kinetics of receptor binding may be a critical determi-
growth factors working through one receptor and one nant. Measurements of the binding affinities of NGF and
mechanism at different developmental stages; but neu- NT-3 to a TrkA-IgG chimera indicate that NGF binds
rons do not in fact appear to die earlier in the absence with approximately 300-fold more avidity than NT-3
of NT-3 than NGF (Francis et al., 1999). If NT-3 signals (Shelton et al., 1995). Differences in stability of these
two complexes may alter phosphorylation of substrates,to support survival during outgrowth, then death of sym-
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association with phosphotyrosine-dependent adaptors, mutants were published a decade ago and focused on
or association of these receptor-ligand complexes with their effects on sensory and sympathetic neuron sur-
membrane microdomains on the cell surface that are spe- vival. More recent reexaminations of the BDNF and NT-3
cialized for signaling and trafficking. In addition, it is mutant phenotypes have demonstrated surprising roles
possible that NT-3, but not NGF, dissociates from TrkA for these proteins in cardiac vascular endothelial and
in the mildly acidic environment of the early endosome. myocyte survival (Chao, 2003). Together with the pres-
This could result in rapid recycling of TrkA and prevent ent paper, these observations suggest that more sur-
its retrograde transport. The data presented in the pres- prising treasures await scientists studying NTs.
ent paper argue that NT-3-TrkA complexes are not inter-
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in NGF result in stimulation of p75NTR transcription,
reducing the trophic activities of intermediate targets.
Consistent with this possibility, axon growth is clearly
impaired in p75NTR mutants (Bentley and Lee, 2000).
While an attractive model, it is too early to tell which of
the many signaling mechanisms of p75NTR explain the
abnormalities in axon growth observed in p75NTR null
mice. p75NTR participates in several signaling com-
plexes, some of which regulate the activity of the
GTPase Rho, whose absence could contribute to the
observed abnormalities in axonal innervation (Barker,
2004). Further, the presence of p75NTR in peripheral
neurons has been shown to promote internalization and
retrograde transport of NTs, while its presence on non-
neuronal cells, such as Schwann cells, has been pro-
posed to increase the NT concentrations available to
innervating neurons. Thus, additional studies will be re-
quired to determine which p75NTR-mediated signals
and functions explain the phenotypes observed by Kur-
uvilla et al. (2004) and others.
Finally, the current study illustrates the rewards to be
derived from careful reexamination of mouse mutants.
The original descriptions of the NT and Trk receptor
